Background {#Sec1}
==========

Glioblastoma multiforme (GBM) recurs locally and can extend along any stable fiber pathway, such as that from the anterior commissure to the optic radiations, the corpus callosum, and finally the fornix or cerebrospinal fluid (CSF) pathway. However, symptomatic spinal metastasis from intracranial GBM, although rare, may occur after clinical treatment of GBM \[[@CR1]--[@CR3]\]. Gliosarcoma (GS) is a rare GBM type composed of separate gliomatous and sarcomatous components \[[@CR4], [@CR5]\]. GS accounts for 1.8--8% of GBM cases and 0.48% of all intracranial tumor cases \[[@CR6], [@CR7]\]. Most types of GS are de novo and are thus termed "primary GS," and those preceded by operative resection, radiotherapy, or chemotherapy are termed "secondary GS" \[[@CR6]--[@CR8]\].

Herein, we report the case of a female patient with a right temporal GBM. After surgical removal of the GBM, the patient underwent Gliadel wafer implantation, proton beam therapy, oral chemotherapy with temozolomide, and targeted therapy with bevacizumab. The GBM recurred as GS in the right temporal region and involved spinal metastasis in the T11--L1 region.

Case presentation {#Sec2}
=================

A 53-year-old woman presented to our emergency room with drowsiness and left-side hemiparesis. She complained of progressive headache and weakness on the left side within the past month. Plain computed tomography and contrast magnetic resonance imaging (MRI) of the brain demonstrated a nearly 6.8 cm × 4.5 cm right temporoparietooccipital intraaxial cystic tumor with surrounding diffuse perifocal edema that caused a midline shift toward the left and right lateral ventricle (Fig. [1](#Fig1){ref-type="fig"}a and b). Fig. 1Brain magnetic resonance imaging (MRI) results for glioblastoma multiforme (GBM) that recurred at the same location as gliosarcoma (GS) after treatment. Initial T1-weighted (**a**) and postcontrast T1 FLAIR (**b**) brain MRI results obtained at the emergency department, demonstrating a large cystic mass with surrounding perifocal edema. T1-weighted (**c**) and postcontrast T1 FLAIR (**d**) and cerebral blood flow (CBF) (**e**) in the brain MRI after proton beam therapy, revealing mild interval enlargement of the right parietotemporal GBM with perifocal edema. T1-weighted (**f**) and postcontrast T1 FLAIR (**g**) and CBF (**h**) brain MRI after targeted therapy with bevacizumab, illustrating mild recurrence and avascular necrosis. Axial T1-weighted (**h**) and postcontrast T1 FLAIR (**i**) and CBF (**j**) image of secondary gliosarcoma. MRI revealed obvious tumor recurrence along the surgical margin. Tumor seeding was noted in the fourth ventricle, causing obstructive hydrocephalus and midbrain compression. The CBF indicated avascular necrosis

For tumor removal, emergency craniotomy with decompression was performed. The extracted mass was soft and grayish, exhibited partial necrosis, and discharged yellowish fluid when cut piecemeal. The tumor mass was nearly entirely removed. A histopathological examination of the specimen revealed glioblastoma (World Health Organization grade IV) featuring nuclear atypia, cellular pleomorphism, mitotic activity, and considerable necrosis (Fig. [2](#Fig2){ref-type="fig"}a). Immunohistochemically, the tumor cells were focal positive for glial fibrillary acidic protein (GFAP; Fig. [2](#Fig2){ref-type="fig"}d) and negative for cytokeratin (CK) or S100. Staining for p53 and isocitrate dehydrogenase 1 (IDH1 R132H) revealed negative results. The Ki-67 proliferation index was approximately 30% (Fig. [2](#Fig2){ref-type="fig"}g). Fig. 2Photomicrographs of original brain and metastatic spinal glioblastoma multiforme (GBM). **a**--**c** Hematoxylin and eosin staining demonstrating high-grade glioma featuring nuclear atypia, cellular pleomorphism, mitotic activity, and remarkable necrosis. **d**--**f** The tumor cells were determined to exhibit glial fibrillary acidic protein (GFAP) positivity. **g**--**i** Ki-67 proliferative index was high (approximately 35%) initially; it was approximately 20% after proton beam radiotherapy and approximately 30% after spinal metastasis. Original magnification, 200×

After tumor removal, the patient recovered well and received a complete course of proton beam therapy (50.4 Gy in 28 fractions) in another medical center. After 3 months of therapy, MRI conducted during her regular follow-up (Fig. [1](#Fig1){ref-type="fig"}c, d, e) revealed a mild interval enlargement of the right temporoparietal GBM, measuring 4.2 cm × 3.5 cm at the largest diameter. For a more complete tumor resection, a second craniotomy for removing the recurrent GBM was performed under navigation assistance. A soft and necrotic mass with areas of rubbery consistency and gross appearance was extracted. After the surgical removal of the GBM, eight Gliadel wafers were implanted along the cavity walls and floor. Pathological reports indicated radiation necrosis and recurrent GBM with bizarre pleomorphic astrocytes (Fig. [2](#Fig2){ref-type="fig"}b)---which were positive for GFAP (Fig. [2](#Fig2){ref-type="fig"}e)---and with a high Ki-67 proliferation index (approximately 20%; Fig. [3](#Fig3){ref-type="fig"}h). The patient was administered a complete course of oral chemotherapy with temozolomide and targeted therapy with intravenously bevacizumab. The subsequent brain MRI revealed mild recurrent GBM at the right temporal lobe along the surgical margin (Fig. [1](#Fig1){ref-type="fig"}f, g, h). After 12 months, the patient presented with progressive headache, body weight loss, and easy fatigue. Under the suspicion of tumor recurrence, brain MRI was performed, which revealed obvious tumor recurrence along the surgical margin. Moreover, tumor seeding in the fourth ventricle caused obstructive hydrocephalus, midbrain compression, and midline shift to the left (Fig. [1](#Fig1){ref-type="fig"}i, j, k). A third craniotomy for removing the recurrent GBM was performed approximately 15 months after the GBM diagnosis. A histopathological examination of the extracted specimen revealed a bimorphic histopathological architecture, comprising gliomatous (approximately 30--35%) and sarcomatous (approximately 65--70%) components. The gliomatous component (Fig. [4](#Fig4){ref-type="fig"}a) consisted of high-grade glioma and considerable necrosis. Immunohistochemical studies demonstrated positivity for GFAP, a high Ki-67 proliferation index (approximately 40%), negativity for vimentin, negativity for silver staining, and positivity for phosphatase and tensin homolog (PTEN). The sarcomatous component (Fig. [4](#Fig4){ref-type="fig"}b) was composed of spindle-shaped sarcoma cells with increased cellularity, arranged in an interlacing pattern. Extensive necrosis was evident. Immunohistochemical examination revealed negativity for GFAP and IDH-1(wild-type), a high Ki-67 index (\> 50%), positivity for vimentin, positivity for silver staining, and negativity for PTEN. The patient complained of urine incontinence, progressive and intractable back pain, and bilateral flank soreness approximately 1 month before this admission. Contrast L-spine MRI revealed an intradural tumor at T11--L1 level at the ventral aspect with conus medullary invasion (Fig. [3](#Fig3){ref-type="fig"}). Because of the patient's urine/stool incontinence along with her unusual persistent back pain, T11--L1 laminectomy was performed to remove the intramedullary tumor 1 week after the third craniotomy. A soft and grayish tumor that bled easily and originated from the ventral side of the conus medullaris was noted. The metastatic spinal tumor was completely removed. Pathological examination confirmed glioblastoma with marked nuclear pleomorphism, microvascular proliferation, and focal necrosis (Fig. [2](#Fig2){ref-type="fig"}c). Immunohistochemically, the tumor cells were positive for GFAP (Fig. [2](#Fig2){ref-type="fig"}f) and negative for P53 and IDH-1. The Ki-67 index was approximately 30% (Fig. [2](#Fig2){ref-type="fig"}i). After the metastatic spinal tumor was removed, the intractable back pain was alleviated markedly, but the problem of urine/stool incontinence was not ameliorated. The patient died in January 2019, 20 months after the GBM diagnosis. Fig. 3Spinal MRI results. **a** Sagittal T2-weighted image revealing a hypointense nodule at the T11--L1 level. **b** Postcontrast T1-weighted images depicting enhanced spinal tumor. **c** Axial section at the T12 level. **d** Axial section at the L1 level at the ventral aspect with conus medullary invasionFig. 4Gliosarcoma images. **a** Gliomatous component: hematoxylin and eosin staining (**a1**), glial fibrillary acidic protein (GFAP) positivity (**a2**), Ki-67 index (nearly 40%) (**a3**), vimentin negativity (**a4**), silver staining negativity (**a5**), and phosphatase and tensin homolo (PTEN) positivity (**a6**). **b** Sarcomatous component: hematoxylin and eosin staining (original magnification, 200×; **b1**), GFAP negativity (**b2**), diffuse staining with MIB-1 antibody (Ki-67 index \> 50%) in tumor cells (i.e., abundant proliferative process), (**b3**), vimentin positivity (**b4**), silver staining positivity (**b5**), and PTEN negativity (**b6**). Magnification, × 200. (PTEN: phosphatase and tensin homolog)

Discussion and conclusions {#Sec3}
==========================

The incidence of intracranial GBM metastasizing to the spine has been increasing in recent years \[[@CR1], [@CR9]\]. In a serial autopsy study, approximately 25% of patients with intracranial GBM demonstrated spinal subarachnoid seeding; however, the exact incidence remains unknown \[[@CR2]\]. The incidence of GBM metastasizing to the spinal compartment is higher than that detected clinically, suggesting that such metastases have been underestimated thus far.

Symptomatic spinal dissemination develops in the later course of GBM; it is typically diagnosed 14 months after the initial diagnosis of brain GBM. Its treatment is palliative, and the prognosis is markedly poor; the average time interval between its diagnosis and death is 2 to 3 months \[[@CR10]\]. These types of tumors may spread to the spinal subarachnoid space through direct extension, through the lymphatic system, from the bloodstream, and through the CSF. The involvement of the lateral or third ventricle (and the fourth ventricle in a few cases) is pivotal in the dissemination of CSF \[[@CR1], [@CR2], [@CR11]\]. The most common spinal metastasis sites are the lower thoracic, upper lumbar, and lumbosacral regions \[[@CR1], [@CR12]\]. The initial brain MRI of the current patient revealed the involvement of the lateral ventricle and basal cistern. The patient was thus diagnosed as having intramedullary metastasis at T11--L1 approximately 15 months after cerebral GBM was confirmed.

GS is a rare histopathological variant of isocitrate dehydrogenase (IDH) wild-type GBM, and its corresponding median survival time after diagnosis is 6--14.8 months \[[@CR5], [@CR7], [@CR13]\]. According to a literature review, secondary GS is extremely rare and has not been detected in patients with GBM. Even after multimodality treatment, including radical surgical resection, adjuvant irradiation, and chemotherapy, the prognosis of GS remains poor. The median survival time from the initial diagnosis GBM to the diagnosis of GS is 8.5 (range, 0.5--25) months \[[@CR14], [@CR15]\]. Previously reported clinical treatment--related experiences are limited. Currently, GS is treated using a protocol a GBM treatment protocol \[[@CR8], [@CR16]\]. Moreover, studies on the response of GS to advanced therapies typically used for GBM, such as immunotherapy, cancer vaccine therapy, and gene therapy, are limited. The prognosis of GS remains poor---poorer than that of GBM. The median survival time from GS diagnosis to death is 4.4 (range, 5.7--47.4) months \[[@CR6], [@CR17]\]. GS and GBM cannot be distinguished clinically; GS management strategies may be similar to those of GBM, with maximal safe surgical resection followed by chemotherapy and/or radiotherapy \[[@CR16]\].

The causal relationship between therapeutic irradiation and delayed induction of neoplastic transformation is well established for meningioma, cerebral fibrosarcoma, and other sarcomatous variants; nevertheless, this relationship is not fully established for GBM. By studying a large case series of 32 patients with GS, Perry et al. \[[@CR18]\] reported that only seven patients fulfilled the criteria for GS secondary to GBM. All these seven patients received 50-Gy whole-brain irradiation for the GBM. In the literature, most cases of secondary GS have been reported to be radiation-induced transformations \[[@CR8], [@CR18]\]. However, radiotherapy is not an absolute requirement for secondary GS. In a case series of 30 patients with secondary GS who underwent surgical resection for the management of the initial GBM, Han et al. \[[@CR17]\] noted that 25 patients accepted external beam radiation combined with chemotherapy and that 3 underwent radiotherapy alone. The remaining two did not receive radiotherapy but demonstrated gliosarcomatous transformation: one patient was treated with chemotherapy alone, and the other underwent operative resection before the initiation of adjuvant therapy because of rapidly recurring GS. The patient received bevacizumab to treat the recurrent GBM, and no study has presented data demonstrating a causal relationship between sarcomatous transformation and bevacizumab therapy \[[@CR8]\]. Proton beam therapy is an advanced-grade radiotherapy that precisely delivers high-dose radiation to a tumor site; thus, it is an excellent therapeutic choice for tumors located in the brain and other sensitive areas. Because positively charged ions can conform to the exact shape and depth of each tumor, the destruction of healthy surrounding tissue is minimized \[[@CR19]\]. To our knowledge, this paper is the first to report the case of a patient with secondary GS after proton beam therapy.

Multiple reports have demonstrated that GS has a higher tendency to undergo metastasis compared with GBM (0.2--1.2%), and the tendency has been revealed to be as high as 11--15% in some studies \[[@CR14], [@CR15]\]. In our patient, secondary GS occurred after conventional adjuvant treatment was administered for GBM. Histopathological examination indicated that the spinal metastatic growth was GBM. Moreover, the spinal metastasis was pathologically similar to the initial GBM: positive for GFAP and vimentin and high Ki-67 index. The exact time of GBM cell dissemination to the spinal component remains unclear; however, we revealed that the GBM cells spread to the spine before the gliosarcomatous transformation occurred at the original tumor site.

In conclusion, we present the case of a patient who concurrently demonstrated two rare complications after undergoing standard treatment for GBM. First, gliosarcomatous transformation occurred at the original GBM site after surgical resection, interstitial chemotherapy with Gliadel wafers, oral chemotherapy with temozolomide, and proton beam therapy followed by targeted therapy with intravenous bevacizumab. Moreover, the intramedullary metastasis was from the GBM to the T11--L1 region.
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